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SYSTEMS AND METHODS FOR COMPUTER
VISION ASSISTED FOAM BOARD
PROCESSING

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a Non-Provisional Patent Application
of U.S. Provisional Patent Application No. 63/071,999
entitled “Systems and Methods for Computer Vision

Assisted Foam Board Processing” filed Aug. 28, 2021,
which 1s herein 1incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

The present technology relates to methods and systems to
monitor and/or determine one or more characteristics of a
manufactured board.

Polyurethane and polyisocyanurate foams are commonly
used 1n the production of manufactured foam boards over
other boards in the construction industry due to superior
mechanical properties, fire performance, and insulation
value. These high performance characteristics are attributed
to the fine cell structure within the board, which 1s created
during the manufacturing process.

Some manufacturing techniques, such as those intended
to reduce costs of manufacturing foam insulation paneling,
have resulted 1n 1ssues during the manufacturing process
and/or 1n the finished product, such as degraded appearance
and/or 1integrity. Conventional methods to identify defects 1n
a foam board are manual, labor-intensive, and many of the
indicators of optimum processing conditions are subjec-
tively determined, which may be prone to operator error.
Such methods are also limited to a small number of mea-
surement locations on the board. The result 1s a slow,
resource 1ntensive process that often fails to provide a
complete assessment of the board’s appearance and/or integ-
rity.

Based on the deficiencies of the current techniques, a
more eflicient, more complete method and apparatus to
monitor, determine, and/or control characteristics of a manu-
factured board 1s desirable.

SUMMARY OF THE INVENTION

In one aspect, this disclosure provides systems for manu-
facturing a foam board. In some examples, a system includes
an applicator to distribute one or more fluids onto a sub-
strate. One or more sensors are configured to measure one or
more characteristics of the one or more fluids. A control
circuitry 1s configured to compare the one or more measured
characteristics to one or more threshold characteristics, and
to adjust one or more operating parameters of the applicator
in response to a characteristic of the one or more measured
characteristics falling outside a threshold of the one or more
threshold characteristics.

In a further aspect, this disclosure provides a method of
manufacturing a foam board. The method mcludes measur-
ing, by a sensor, one or more characteristics corresponding
to distribution of one or more fluids applied to a substrate,
receiving, at a control circuitry, data corresponding to the
one or more characteristics, comparing, at the control cir-
cuitry, the one or more measured characteristics to one or
more threshold characteristics, 1dentifying, at the control
circuitry, one or more operating parameters corresponding to
the one or more measured characteristics, and adjusting one
Or more operating parameters in response to a characteristic
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of the one or more measured characteristics falling outside
a threshold of the one or more threshold characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an example system for manufacturing a
foam board, 1n accordance with aspects of this disclosure.
FIG. 2 shows another example system for manufacturing,
a foam board, in accordance with aspects of this disclosure.

FIG. 3 shows an example detailed view of a foam stream
and substrate during a manufacturing process, 1n accordance
with aspects of this disclosure.

FIG. 4 15 a block diagram of an example control circuitry
for a system for manufacturing a foam board, 1n accordance
with aspects of this disclosure.

FIG. 5 illustrates an example method of operating a
system for manufacturing a foam board, 1n accordance with
aspects of this disclosure.

The figures are not necessarily to scale. Where appropri-
ate, similar or 1dentical reference numbers are used to refer
to similar or 1dentical components.

(L]

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

The present technology relates to methods and systems to
monitor and/or determine one or more characteristics of a
manufactured board (e.g., thermal insulation board,
restrained rise foam boards, free rise foam boards, bunstock,
extruded plastic board, etc.). In particular, one or more
sensors (€.g., a laser scanner, optical imaging system, etc.)
may be arranged to measure one or more characteristics of
the foam board and/or one or more constituent parts of the
foam board. The measurements are provided to a control
circuit and/or processor, which compare the one or more
measured characteristics to one or more threshold charac-
teristics.

Based on the comparison, the control circuit may be
configured to adjust or otherwise control one or more
operating parameters of the system. For example, the system
for manufacturing a foam board can include an applicator to
distribute one or more inputs (e.g., flmds, chemicals, gases,
solids, or other materials) onto a substrate or facer advancing
through a conveyance system (e.g., a conveyer belt, etc.).
The system may adjust the distribution of those inputs (e.g.,
volume, speed, composition, location, angle, etc.) as well as
an operating parameter of the conveyance system (e.g.,
speed, amount/location of applied heat, orientation of the
substrate or facer relative to the direction of conveyance
and/or location of the applied input, etc.) 1n response to the
outcome of the comparison.

In some examples, the measured characteristics are com-
pared against one or more thresholds (e.g., stored values,
calculated values, etc.) associated with these characteristics.
If the measured characteristic value falls outside a relevant
threshold (e.g., a single value, a range of values), the control
circuit can control the applicator, the conveyance system,
and/or another component of the manufacturing system to
adjust one or more operating parameters (e.g., associated
with an iput or other operating parameter) to correct for or
mitigate 1ssues to ensure the integrity of a manufactured
board (e.g., a foam 1nsulation board) 1s maintained.

During a manufacturing process, uneven application and/
or distribution of inputs to manufacture the foam may
compromise the integrity of the manufactured board, result-
ing 1 a finished product with degraded insulation perfor-
mance, water accumulation 1ssues, membrane adhesion fail-
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ure, dimensional stability issues, decreased fire
performance, and decreased compressive strength. Conven-
tional methods of determining that an 1ssue exists may be
limited to a visual inspection of a limited portion of the
finished board. For instance, an operator with significant
training observes the way the applied fluids/chemical looks
and the appearance of the finished board. The operator then
manually adjusts, for example, a foam head to alter stream
position or other processing parameters 1 a “best guess”™
ellort to optimize production.

The results of such a limited visual observation would be
used to determine the integrity of the entire board, and in
some cases, the lot of boards represented by the tested
sample board. Such a manual process 1s time and resource
intensive, and the results are not representative of the
integrity of the entire board or lot of boards. Moreover, at
least due to the fact that such testing 1s conducted after a
board has been completed, the testing may not be able to
identify the particular input that caused the 1ssue and/or how
to adjust that mput to correct for the 1ssue. The result 1s a
manufactured board where cost and quality are heavily
dependent on operator attention and judgment.

By contrast, the disclosed manufacturing system employs
sensors, such as video capture, a laser scanner, an infrared
(IR) scanner, and/or a thermal scanner, at one or more stages
of manufacturing to measure characteristics of the fluid
application and/or the finished board in real-time. The
measurements are provided to the control circuitry to deter-
mine whether an 1ssue exists and, based on the determina-
tion, adjust one or more operating parameters during manu-
facturing of the board. The system 1s therefore configured to
automatically adjust operating parameters based on sensor
teedback and employment of one or more control algo-
rithms, providing a more consistent operation, lower mate-
rial and operational costs, and/or improved product quality.

Quality and cost of a manufactured foam board (e.g., a
polyisocyanurate insulation board) 1s closely related to the
manufacturing system’s ability to distribute fluids (e.g., one
or more liquid chemicals) evenly along a width or span of a
substrate or facer advancing on a conveyor system. In
particular, uneven distribution requires more raw material
(which increases cost) and leads to performance failures. For
example, uneven foam distribution requires more raw mate-
rial to completely fill a board with expanding foam.

This disclosed systems and methods provide an accurate
and responsive control for the distribution of the fluids by
employment of a sensor(s), such as a laser, computer vision,
optical 1maging system, and/or thermal imaging, at a {irst
stage of the manufacturing process. In examples, the
sensor(s) (e.g., optical imaging system) detects characteris-
tics associated with the quality of the fluids as applied to a
substrate, and/or the drnied final board appearance. In a
listing of non-limiting examples, the characteristics moni-
tored during the first stage (e.g., foam application) may
include or be related to fluid stream location, volume of fluid
deposited, width of the stream, rate of volume growth,
temperature, presence/size/rate of growth of air bubbles,
color, build-up of foam or rate of build-up, and/or breakage
of the substrate/facer. At later stages of the manufacturing
process (e.g., solid foam boards, cured/finished boards),
additional or alternative characteristics may be monitored,
such as knit lines, over—pack within the facers, under—fill
within the facers, voids, wrinkles, and/or warping.

Based on the characteristic data, received via one or more
sensors such as the optical imaging system, a control circuit
can determine 1f one or more operating parameters should be
adjusted. For example, a fluid applicator may be adjusted to
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4

change an angle or location of the stream on the substrate,
fluid tlowrates, fluid application pressure, fluid temperature,
composition formulation (e.g., molar, etc.), constituent mass
balance, etc. Further, operating parameters of an associated
system may be adjusted, such as conveyor or laminator
speed, line speed, laminator temperature, height, etc.

In some examples, one or more sensors are arranged to
monitor characteristics of the fluid/inputs as well as the
finished board/outputs. For instance, a first sensor (such as
an optical vision system) 1s arranged to monitor an area of
the substrate where foam 1s dispensed as 1t 1s advances
through the conveyance system. A second sensor 1s arranged
at a later stage of the manufacturing process, such as to
ispect a solid foam or, 1n some examples, a finished foam
board, to identily defects (e.g., knit lines i1n the {facer,
wrinkles, warping, foam over-pack, foam under—ill, voids,
flatness, blow holes, thermal 1imaging profile, bowing/cup-
ping, blisters, facer defects, facer misalignment, excess
foam, thickness, etc.).

An algorithm can be employed to compare the sensor data
to the predetermined values, 1dentily diflerences, and adjust
an operating parameter accordingly. In some examples, the
algorithm comprises a feedback loop, which may employ
machine learning or other artificial itelligence (Al) to
provide control values for the various system components.

In some examples, a flatness and/or hardness (e.g.,
mechanical properties, density, etc.) tester 1s employed at a
second stage (e.g., solid foam boards) to collect data to
identify regions defined by peaks and valleys (e.g., a Z-axis
deviation from the surface) of a finished board. The height
of the peaks and the depth of the valleys are compared
against one or more thresholds to determine regions as test
locations 1 need of additional testing. In some examples,
the results of the comparison can be used to adjust one or
more of the operating parameters, such as application of the
fluid streams, as disclosed herein. The additional tests can
include, but are not limited to, determining one or more of
a dimension (e.g., thickness), a mechanical property (e.g.,
compressive strength, etc.), and a density of the board at the
region. The test can be performed by a multi-directional,
motorized testing device aflixed to a motorized carriage
capable of traversing the surface of the board (e.g., across an
X-Y plane perpendicular to the Z-axis). Additionally or
alternatively, compressive strength may be tested across the
Y-axis of the foam board, which may be considered for
adjustment of one or more parameters (e.g., position or
orientation of the applicator).

In some examples, sensor measurements from the first
stage ol the manufacturing process can be analyzed and/or
compared in view ol the sensor measurements from the
second stage of the manufacturing process to determine an
adjustment to a manufacturing process parameter. For
example, a sensor measurement from the first stage (e.g., a
scan of fluid streams prior to application of a second
facer/substrate) may mmvoke an adjustment to a particular
first parameter (e.g., adjustment of a position/orientation of
an applicator). A sensor measurement from the second stage
(e.g., a scan and/or flatness or hardness test of a finished
board) may mnvoke an adjustment to another particular
second parameter (e.g., adjustment of a fluid flow rate)
and/or the first parameter. Additionally or alternatively, the
control circuitry (e.g., via one or more algorithms) 1s con-
figured to consider measurements from the first and second
stages together. In such a case, the first and second parameter
may be adjusted, as well as a third parameter (e.g., adjust-
ment of conveyance speed). However, based on a compari-
son of the measurements from the first and second stages,
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the amount of adjustment of the first, second or third
parameters may change, and/or implementation of one or
more of the first, second or third parameters may be avoided.
In some examples, sensors continue to monitor characteris-
tics of a finally completed board (e.g., dried, cured board),
and provides sensor data to the control circuitry 220 for
analysis.

Through employment of the disclosed systems and meth-
ods, features that impact board quality may be improved,
such as foam cost, edge collapse, dimensional stability (e.g.,
hot, cold, humid, dry), insulation value (k-factor/R-value),
fire rating, cell orientation, among other outcomes, such that
the quality and consistency of a lot of finished boards 1s
assured.

As the monitoring and adjustment system 1s automated,
the system 1s configured to “learn” and update threshold
values through employment of artificial intelligence algo-
rithms. In some examples, the algorithms may recognize
signs that a particular operating parameter 1s trending toward
an undesirable value, and implement control of a corre-
sponding actuator, system or component. As a result, opera-
tors may commit less time monitoring the manufacturing,
process, and less training will be required of those who are
tasked to monitor the system. Further, the collection of
sensor data 1s used to inform best practices, which can be
used across manufacturing systems and/or inform subse-
quent processes.

The presently described technology and 1ts advantages
will be better understood by reference to the following
examples. These examples are provided to describe specific
embodiments of the present technology. By providing these
examples, the inventors do not limit the scope and spirit of
the present technology.

In disclosed examples, a system for manufacturing a foam
board includes an applicator to distribute one or more fluids
onto a substrate, one or more sensors configured to measure
one or more characteristics of the one or more fluids, and a
controller configured to compare the one or more measured
characteristics to one or more threshold characteristics,
determine whether a characteristic of the one or more
measured characteristics falls outside a threshold of the one
or more threshold characteristics, calculate an amount of
adjustment of the characteristic based on the one or more
measured characteristics or the threshold in response to a
determination that the characteristic falls outside the thresh-
old, and generate a command corresponding to the amount.

In some examples, one or more control mechanisms are
configured to adjust the one or more operating parameters of
the system, wherein the one or more control mechanisms are
configured for manual adjustment by an operator.

In examples, the controller 1s further configured to gen-
erate an 1indicator corresponding to the amount and to
provide the indicator to a user interface configured for
presentation to the operator.

In some examples, the controller 1s configured to adjust an
operating parameter of the one or more operating parameters
by a first amount 11 the characteristic exceeds a first thresh-
old of the one or more threshold characteristics, and adjust
the operating parameter by a second amount if the charac-
teristic exceeds a second threshold of the one or more
threshold characteristics.

In examples, the one or more operating parameters com-
prise¢ one of a flow rate, a position or orientation of the
applicator, a pressure, a temperature, conveyance speed, a
composition formulation, or mass balance, and a position of
a deposited fluad.
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In some examples, the one or more sensors are configured
to monitor an area of the substrate downstream from a point
at which the one or more fluids contact the substrate.

In examples, a conveyance system to advance the one or
more fluids and the substrate along a conveyor path, the one
or more sensors configured to scan the one or more fluids as
the substrate progresses along the conveyor path. In
examples, the one or more sensors are configured to scan the
one or more fluids along an axis that 1s perpendicular to a
direction of the conveyor path.

In some examples, a conveyance system to advance the
foam board along a conveyor path, the one or more sensors
configured to scan the foam board as 1t progresses along the
conveyor path. In examples, the one or more sensors are
configured to scan the foam board along an axis that is
perpendicular to a direction of the conveyor path.

In examples, the one or more sensors are configured to
scan the foam board along multiple axes.

In some examples, the one or more sensors are secured to
a moveable mount, the mount configured to adjust an
orientation or position of the one or more sensors relative to
the substrate.

In examples, the one or more sensors comprise one or
more of a laser scanner, an optical 1maging system, a
hyperspectral 1maging system, a near-infrared sensor, an
infrared sensor, an ultrasound sensor, or a heat sensor.

In some examples, the one or more characteristics com-
prise one or more ol a number of fluid streams, a location of
the tluid on the substrate, a location of an edge of the fluid
on the substrate, an angle at which the fluid contacts the
substrate, a volume of the fluid on the substrate, a center of
mass of the fluid on the substrate, a height of the fluid on the
substrate, consistency of the tfluid, temperature of the fluid.

In examples, the one or more characteristics comprise one
or more of a rate of volume growth, a rate of width growth,
a rate ol height growth, a rate of change of the angle at which
the fluid contacts the substrate, a rate of change 1n the center
of mass, a rate of temperature increase.

In some examples, the one or more characteristics com-
prise one or more ol a presence ol air bubbles in the foam,
presence ol incomplete mixing, an anomalous color of the
foam, inconsistent flow from the applicator, or foam build up
on the substrate or applicator.

In examples, the one or more characteristics comprise one
or more ol a foreign object, alignment or location of the
substrate, speed of conveyance, or fissure or compression of
the substrate. In some examples, the one or more fluids react
to generate a polyurethane or polyisocyanurate foam.

In some examples, the controller 1s further configured to
apply a machine learning algorithm to generate the one or
more thresholds.

In some examples, the controller 1s further configured to
store the one or more measured characteristics to a memory
storage device, calculate an average characteristic value
based on the one or more measured characteristics over a
predetermined amount of time, and generate the one or more
thresholds based on the average characteristic value and one
or more tolerance ranges.

In some disclosed examples, a system for manufacturing
a foam board includes an applicator to distribute one or more
fluids onto a substrate, one or more sensors configured to
measure one or more characteristics of the one or more
fluids, and a controller configured to compare the one or
more measured characteristics to one or more threshold
characteristics, and adjust a position or orientation of the
applicator 1in response to a characteristic of the one or more
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measured characteristics falling outside a threshold of the
one or more threshold characteristics.

In some examples, the one or more sensors mnclude a first
sensor configured to monitor an area of the substrate down-
stream from a point at which the one or more fluids contact
the substrate. In examples, the one or more sensors include
a second sensor configured to monitor a finished board.

In examples, the second sensor comprises one or more of
a tlatness tester, a hardness tester, a density tester, a laser
scanner, an optical imaging system, a hyperspectral imaging
system, a near-infrared sensor, an inirared sensor, an ultra-
sound sensor, or a heat sensor.

In some disclosed examples, a method of manufacturing
a foam board includes measuring, by a sensor, one or more
characteristics corresponding to distribution of one or more
fluids applied to a substrate, receiving, at a control circuitry,
data corresponding to the one or more characteristics, com-
paring, at the control circuitry, the one or more measured
characteristics to one or more threshold characteristics,
identifying, at the control circuitry, one or more operating
parameters corresponding to the one or more measured
characteristics, and adjusting one or more operating param-
eters 1n response to a characteristic of the one or more
measured characteristics falling outside a threshold of the
one or more threshold characteristics.

In some examples, the method includes adjusting an
operating parameter of the one or more operating parameters
by a first amount 11 the characteristic exceeds a first thresh-
old of the one or more threshold characteristics, and adjust-
ing the operating parameter by a second amount if the
characteristic exceeds a second threshold of the one or more
threshold characteristics.

In examples, the adjusting comprises adjustment of a
control mechamism by an operator. In examples, the adjust-
ing comprises adjustment of a control mechanism by a
robotic device.

As disclosed herein, a “foam” or “foam 1insulation” can
include, but 1s not limited to, polystyrene, polyurethane,
polyisocyanurate, or phenolic.

As disclosed herein, a “bun-stock’™ 1s a large solid box-
like structure formed during the production of polystyrene,
polyurethane, or polyisocyanurate nsulation.

FIG. 1 illustrates a system for manufacturing a foam
board 100 (or a “laydown device”). As shown in FIG. 1,
constituent fluid components A and B are provided from a
chemical storage system 118. In some examples, the “A”
component may include 1socyanate, and the “B” component
may include one or more of a polyol, a catalyst, an additive,
and/or a blowing agent. In some examples, a third “C”
component, such as pentane, can be used as a “blowing
agent” which aids 1n expansion of the foam.

The flow of fluid 1s controlled by one or more valves
and/or pumps 112, which may be controlled from a control
circuit or processor. Conduits, manifolds, valves, or multiple
connected pipes 110 provide the fluid(s) to a mix head 102,
where constituent fluids are combined, reacted, and deliv-
ered via one or more applicators or nozzles 104, such as 1n
the form of a foam. A combined fluid or foam 106 1s
distributed onto a substrate 108 (or bottom facer 116), with
a position and/or orientation of the mix head 102 being
controlled by the control circuitry, which governs applica-
tion of the foam 106.

Application of the foam 106 via the applicator(s) 104 1s to
be distributed evenly across a width of the substrate 108 to
ensure that the foam 106 expands and solidifies in an even,
consistent manner as the foam 106 enters a conveyance
system or laminator 124. Within the laminator 124, a top
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facer 114 1s provided, the space between the substrate 108
and the top facer 114 being filled with foam 106 as 1t
expands. Conveyor belts 120 drive the substrate 108 and the
top facer 114 1n a direction 132, to provide a finished board
125. In some examples, one or more heaters 122 are
arranged within the manufacturing system 100 to control the

heat of the foam 106, the facers 114, 116, which impacts the
reaction time, adhesion properties, strength of one or more
components of the board, as a list of non-limiting examples.

Proper application of the foam 106 1s directly tied to the
quality of the fimished board 125. However, conventional
systems rely on an operator’s attention and/or judgment 1n
monitoring the foam 106 applied to the substrate 108,
typically relying on a visual determination as to the quality
of the foam composition and/or distribution of the foam on
the substrate 108. Commonly, multiple foam streams are
applied to the substrate 108, each of which may have a
different width, application angle, volume, flow rate, etc.,
which turther complicates the process. Additionally or alter-
natively, clogs may occur at the applicator(s) 104, which
turther impacts quality and cost of the finished board 125.

In some examples, a second operator imnspects the finished
board 125 {for defects (e.g., under-filling of the board,
over-filling of the board, tears, wrinkles, voids, etc.). The
second operator communicates with the first operator at the
mix head 102 regarding suggested adjustments to the appli-
cation, such as a change i1n position or orientation of the
applicator 104, rate of flow, combined fluid composition,
ctc. This process 1s reliant on multiple skilled operators, who
must constantly monitor and evaluate the manufacturing
process, which may produce hundreds of finished boards
(e.g., 10 to 300 feet of finished foam board per minute). The
result 1s often a lagging identification of 1ssues 1 a solid
foam board and/or fimshed product, such that corrections are
slow to be made, with entire lots being scrapped betore the
manufacturing process 1s corrected.

FIG. 2 1llustrates an example system for manufacturing a
foam board 100 with one or more integrated sensor(s) 140
and/or adjustable components (e.g., sensor 140, actuator
144, conveyance system 124, etc.), which provides a solu-
tion to the many 1ssues of producing a cost eflective, high
quality foam board. As shown 1n FIG. 2, sensor(s) 140 are
located at one or more locations along the path of manu-
facture to monitor one or more characteristics of the fluid,
foam, substrate, facers, finished board, and/or one or more
components of the system 100 at one or more stages of the
manufacturing process. By use of sensor(s) 140, measured
characteristics may be communicated to a control circuitry
220, which 1s configured to analyze the characteristics,
compare those characteristics against one or more thresh-
olds, and/or control adjustment of one or more parameters
associated with the one or more components to correct for
undesirable outcomes.

The sensor 140 may include one or more measuring
devices 142, which may include one or more of a laser
scanner, an optical imaging system, a hyperspectral imaging
system, a near-infrared sensor (NIR), an inifrared sensor
(IR), an ultrasound sensor, or a heat sensor, as a list of
non-limiting examples.

The sensor 140 and/or the measuring device 142 may be
mounted to a motorized carriage or other actuator 144
configured to move the sensor 140 or device 142 at any
position or orientation with respect to the system 100.
Accordingly, the measuring device 142, and the sensor 140,
can navigate in three-dimensional space above the system
100. In some examples, the sensor 140 1s mounted remotely
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from the measuring device 142, which may provide varying
perspectives and/or optimize measurement ol a particular
characteristic.

Data collected via the sensors 140 1s transmitted to the
control circuitry 220. For instance, the data may correspond
to one or more characteristics of the foam 106 or resulting
streams 134, such as flmd stream location, volume of fluid
deposited, width of the stream, rate of volume growth,
temperature, presence/size/rate of growth of air bubbles,
color, build-up of foam or rate of build-up, as well as
characteristics of the substrate 108/facers 114/116, such as
breakage of the substrate/facer, knit lines, over—pack
within the facers, under—{ill within the facers, voids,
wrinkles, and/or warping, as a list of non-limiting examples.

Based on the characteristic data, received from one or
more sensors 140, the control circuitry 220 can determine 11
one or more operating parameters should be adjusted. For
example, a fluid applicator 104 may be adjusted to change
an angle or location of the stream on the substrate 108, fluid
flowrates, fluid application pressure, fluid temperature, com-
position balance, etc. In some examples, the flow from the
metering pumps 112 may be adjusted, the position or ori-
entation of the applicator 104 relative to the substrate 108
and/or another applicator may be adjusted, which controls
the distribution and/or composition of the foam 106 being
applied to the substrate 108.

Further, one or more sensor(s) 140 may monitor operating,
parameters of an associated system, such as the conveyance
system 124. Data corresponding to one or more parameters
of the conveyance system 124 may additionally or alterna-
tively be adjusted, such as conveyor or laminator speed, line
speed, laminator temperature, height between facers, etc.

As shown 1n a non-limiting example of FIG. 2, a scan 146
(such as a laser or optical scan, a three-dimensional camera,
a two-dimensional camera, or multiple lasers and/or cam-
eras) 1s projected from measuring device 142 onto a surface
of the board during the manufacturing process. In some
examples, the sensor 140 may employ a single camera, or
multiple cameras for an increased field of view. Additionally
or alternatively, the 1maging systems can be used to stich
multiple 1mages together from multiple angles and/or sen-
sors to render a three-dimensional image, an 1mage with
multiple types of 1maging incorporated (e.g., in the optical
spectrum, NIR, IR, etc.) to generate a composite 1image.

The location and/or lighting for the sensor 140 are closely
related to performance of the sensor 140. For instance,
natural or environmental light may have too much variation,
so system performance changes at diflerent times of day.
Controlled artificial and/or structured light (e.g., lasers,
generated monochromatic and/or polychromatic light, etc.)
can have a positive impact on system performance. The
sensor 140 may be positioned to provide a scan with a
predetermined alignment, such as on a predetermined axis or
one or more predetermined multiple axes relative to the
direction of conveyance, which may be particular to the area
ol the conveyance system being monitored and/or based on
the stage of the manufacturing process.

Due to the nature of the manufacturing process (such as
the use of volatile chemicals), systems and technologies
employed may be provided with shields, coatings, and/or
other features to protect the various system components
(e.g., from 1mpact, high temperatures, etc.). The actuators,
robotic arms, metals, bearings, gears, motors, carriages, etc.,
used for the various systems may also employ one or more
such features to prevent contamination and/or impacts.
Some equipment 1s subject to foam buildup, which can be
mitigated by employing a cover over the moving compo-
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nents. The camera may have a stream of fluid (e.g., air) that
can be used to deflect foam droplets from hitting a lens, for
instance.

Data corresponding to the monitored parameters (e.g.,
foam height, consistency, rate of growth, etc.) 1s transmitted
from the sensor 140 to the control circuitry 220 1n a feedback
loop, where 1t 1s analyzed via one or more algorithms to
determine foam volume, height, and/or location on the
substrate 108 and/or relative to other foam streams. The
results from the algorithm (e.g., volume of the stream 134
edges at the left or right, rate of volume growth fill at a
specific time/location through the manufacturing process,
etc.) instruct the control circuitry 220 as to whether the fluid
application 1s to be adjusted, such that actuators 130 (e.g.,
secured to one or more mounts arranged above the substrate
108) adjust the position or orientation of the one or more
applicators 104 to a desired set point. For instance, the
actuators 130 may move the applicators 104 1n one or more
of six-axis direction (forward/back, left/right, up/down,
pitch, vaw, roll) to adjust the stream 134. As a result, the
foam stream(s) 134 are distributed more evenly.

In some examples, the system 100 may include one or
more control mechanisms 127, configured to adjust the one
or more operating parameters corresponding to one or more
components of the system 100 (e.g., mix head 102, appli-
cator(s) 104, pipes 110, valves and/or pumps 112, laminator
124, etc.). For example, the one or more control mechanisms
127 can include one or more of a user interface, such as user
interface 124, a lever, a tube, a handle, a button, a mount, a
11g, a knob, a switch, etc., which are configured for manual
adjustment by an operator. Further, the control circuitry 220
generates an 1ndicator corresponding to the amount of
adjustment, and to provide the indicator to the display 126
or other user interface 214 for presentation to the operator to
inform the manual adjustment.

In some examples, the control circuitry 220 is configured
to submit information (e.g., sensor data) for presentation to
an operator. The information can be alphanumerical, graphi-
cal, tonal, etc., to inform the operator as to the status of the
manufactured board and/or the manufacturing process. In
examples, a display can present the information as a graphic
illustrating one or more components of the system, which
may present relative and/or comparison images of measured
and desired parameters (e.g., position and/or orientation of
an applicator). The images may include text, graphics, or
other indicators to draw the operator’s attention to an area of
interest and/or mstruct the operator to address an 1dentified
issue. The instructions may include a movement (e.g., an
adjustment to position and/or orientation of the applicator, a
speed of conveyance, etc.), and/or adjustment to fluid com-
position 1n accordance with a desired output.

Further, the display may present an image of a manufac-
tured board at one or more stages of the manufacturing
process. The display may 1dentify areas (e.g., on a surface of
the board) that have been determined to correspond to one
or more characteristics that lie outside of a desired range or
threshold, as disclosed herein.

Although a single sensor 140 1s illustrated in FIG. 2,
multiple sensors of varying types may be used from a single
location, from multiple locations, from a variety of perspec-
tives, measuring common and/or diflerent parameters,
simultaneously, periodically, and/or at particular intervals
during the manufacturing process to collect impactiul data
as needed to ensure proper control of the various systems
and subsystems disclosed herein.

FIG. 3 1llustrates an example detailed view 150 of a foam
stream 134 and substrate 108 being monitored by a scan 146
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from sensor 140 during a manufacturing process. As shown,
scan may be provided as a linear scan along a width of the
substrate 108, although multiple linear scans may be
employed, along a width or at any other angle relative to the
direction of travel 132. Further, the scan be focused on a
particular feature of the process (e.g., the foam stream 134)
or may be expanded beyond edges 163 of the substrate 108.

The sensor 140 thus measures one or more characteristics
of the foam and/or board, a number of fluid 134 streams, a
location of the fluid 134 on the substrate 108, a location of
an edge 152 of the flud 134 on the substrate 108, an angle
131 at which the fluid 134 contacts the substrate 108, a rate
of change of the angle 131 at which the fluid contacts the
substrate, a volume of the fluid 134 on the substrate 108, a
rate of volume growth, a center of mass of the fluid 134 on
the substrate 108, a rate of change in the center of mass, a

width 154 of the fluid 134, a rate of width 154 growth, a
height 156 of the fluid 134 on the substrate 108, a rate of
height 156 growth, consistency of the fluid 134, temperature
of the fluid 134, a rate of temperature change, a presence of
air bubbles 160 1n the foam, presence of incomplete mixing,
an anomalous color of the foam, inconsistent flow from the
applicator, or foam build up on the substrate or applicator, a
foreign object 158, alignment or location 164 of the sub-
strate 108 relative to the direction of travel 132, speed of
conveyance, or fissure or compression 162 of the substrate
108, as a non-limiting list of examples.

Measurements from the sensor 140 can be transmitted to
a control circuitry 220, via a wired or wireless channel. The
control circuitry 220 uses the measurements to i1dentily
1ssues with the manufacturing process, as well as 1dentifying
adjustments to corresponding components to correct for
such 1ssues.

For example, a measured characteristic can be compared
against a stored, optimized characteristic, such as main-
tained m a listing of threshold values stored within a
memory 222 of the control circuitry 220. I1 the difference 1s
within a suitable tolerance, the measured characteristic will
not be classified as a defect. However, 1f the measured
characteristic lies outside the threshold range, the control
circuitry 220 will designate the characteristic as a defect.
The measured characteristic may then be applied against a
second threshold(s), which may determine if an adjustment
1s required.

For instance, 1f the volume of fluid on the substrate is
above a desired threshold level, yet the flow rate 1s decreas-
ing at a suitable rate, the algorithm may determine no
adjustment 1s needed and the system continues to monitor
the process. However, if, 1n the present example, the volume
of fluid 1s above the desired threshold level, and the flow rate
1s stable or increasing, the algorithm may determine an
adjustment 1s needed to the pump 112 or a valve position (to
adjust the flow rate), to the mix head 102 (to adjust a
composition balance), to a heater (to adjust the temperature),
to the conveyance system (to adjust the speed), as a list of
non-limiting examples. It a defect 1s 1dentified and/or an
adjustment 1s made, additional testing can be performed at
later stages of the manufacturing process to determine 1t the
adjustment has provided the intended result.

In some examples, a finished board 125 can be subjected
to additional testing at a testing station configured to mea-
sure the characteristics described herein, as well as the
flatness and/or hardness of the board as 1t passes the station.
In such a case, a sensor (such as a laser scan) can scan the
foam and/or board throughout the manufacturing process,
communicate this information to the control circuitry 220,
which can then i1dentily features and/or regions 11 the board
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that may require further testing (e.g., such as an additional
scan, testing a finished board 125 for compressive strength,
etc.), as described heremn. In some examples, the control
circuitry 220 generates coordinates to direct additional test-
ing system(s) to the identified features and/or regions.

For boards that require additional testing, another testing
station can be located along the conveyor system. Coordi-
nates can be provided to one or more devices at the second
testing station to locate the regions that have been 1dentified
as requiring additional testing. The additional testing can be
conducted by a flatness and/or hardness test, performed by
a computer numerical control (CNC) tester, for example.
Additionally or alternatively, compressive strength can be
measured manually, and/or with non-invasive testing appa-
ratuses (e.g., laser scan, optical scan, NIR scan, IR scan,
ultrasound, etc.), or another measurement device. In some
examples, the conveyor system can direct boards that require
additional testing to the second testing station, whereas
boards without i1dentified defects advance to a finishing
and/or packaging area.

All testing systems, techniques, and applications may
provide mputs that can adjust any parameter output, and no
single testing system, technique, or application 1s limited to
a single parameter.

Based on the results from the scan and/or the compressive
strength testing, one or more parameters of the manufactur-
ing system can be adjusted to correct measured defects.
Non-limiting examples include the temperature of the
applied material, the fluid tlowrate, fluid pressure, position
or orientation of the fluid applicator, the deposition volume,
and/or the position of the board on the manufacturing line,
which can be adjusted to mitigate the presence of defects in
the completed boards. In some examples, the board can be
given a quality score, with an alert being provided to a user,
the board being marked, or other suitable method.

In some examples, the system 100 can be controlled by
manually programming the control circuitry 220, including
modification to the threshold values, as well as directing the
sensor 140 and/or other testing devices to a desired location
throughout the process and/or on the board 125. For
example, a testing platform can be itegrated into an online
manufacturing process. An online process 1s characterized
by a continuous flow of completed boards through one or
more service or test stations. For example, the conveyor
system 124 can advance a completed board 125 to a testing
station.

FIG. 4 shows a block diagram of an example implemen-
tation of a control circuitry 220. The control circuitry 220
includes a communication interface 216 to transmit infor-
mation to and receive information from one or more sys-
tems, sensors, devices and/or components. The interface 216
1s operatively connected to a user interface 214, a processor
218, a memory 222, as well as sensor 140, testing device or
system 202 (e.g., a flatness and/or hardness tester), a motor-
1zed carriage 144, the applicator 104, a conveyance system
124, and a display 126. The sensor 140 can include one or
more of a laser scanner 205, an IR sensor 206, an ultrasound
sensor 208, a mechanical sensor 210, a heat sensor 212, an
optical 1imaging system 213 (e.g., a vision type camera), a
force or pressure sensor 2135, and/or a hyperspectral imaging
system 217, as a list of non-limiting examples.

The example control circuitry 220 of FIG. 4 includes
processor 218 capable of executing computer readable
instructions, including one or more artificial intelligence or
machine learning algorithms (e.g., neural networks, deep
learning, etc.) and may be a general-purpose computer, a
laptop computer, a tablet computer, a mobile device, a
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server, a Head’s Up Display (HUD), a virtual or augmented
reality display (VR/AR), and/or any other type of computing
device integrated or remote to the system 100. In some
examples, the control circuitry 220 1s implemented 1n a
cloud computing environment, on one or more physical
machines, and/or on one or more virtual machines and/or
containers.

In some examples, the HUD or VR/AR display may
present content associated with the sensors 140 and/or the
testing device 202 on the display 126. For instance, mea-
surements can be presented visually (such as an overlay,
graphic, text, etc.) superimposed on an 1mage of the manu-
facturing system 100 (e.g., a captured image and/or a
computer generated graphic). In some examples, the opera-
tor may view the superimposed measurements and direct
adjustments 1n an associated parameter, such as by making
changes via user interface 214. For instance, the proposed
changes may be visible on the display 126 prior to imple-
mentation, to ensure the change produces a desired result.

The memory 222 contains a matrix or other listing of
threshold characteristic values 224, a matrix or other listing,
ol operating parameter values 226, as well as one or more
algorithms 228. For example, the control circuitry 220 is
configured to access the memory 222 storing the lists of
values 224, 226, and the algorithms 228. In some examples,
the control circuitry 220 and the memory 222 are integrally
located (e.g., within a computing device). In some examples,
the control circuitry 220 1s connected to a network interface
to access the lists of values 224, 226, and/or algorithms 228
via a communications network.

In some examples, the memory device 222 or another
memory device may include wvolatile or non-volatile
memory, such as ROM, RAM, magnetic storage memory,
optical storage memory, or a combination thereof, and may
be integrated with the control circuitry 220, located
remotely, or a combination of the two. In addition, a variety
of control parameters (e.g., for operating the sensor 140, the
testing device 202, the motorized carriage 144, the applica-
tor 104, and/or the conveyance system 124) may be stored
in the memory device 222 along with code configured to
provide a specific output during operation of the system 100.

The control circuitry 220 1s configured to receive one or
more characteristic measurements to determine the integrity
of a board. For example, the sensor 140 scans the board to
measure such characteristics, the data of which 1s sent to the
control circuitry 220, which may utilize a look up table, an
algorithm, and/or a model stored in the memory device 222
to determine the mtegrity of the board based on a compari-
son between the measured characteristic and the values
stored 1n memory 222. For example, the control circuitry
220 compares the measured foam characteristics (e.g.,
height, flow rate, temperature, expansion rate, etc.) against
threshold values 224 stored in the memory 222 to determine
if the measurements lie outside a suitable threshold. In some
examples, the threshold values 224 include a set value or a
rate of change (be 1t increasing or decreasing), that may be
considered with respect to another related value (e.g., appli-
cation volume and conveyor speed), all of which may be
adjusted by an operator or as a result of a machine learning
update.

Based on the comparison, the control circuitry 220 can
determine whether an adjustment 1s to be performed, and/or
iI alternative or additional testing 1s required. If an adjust-
ment 1s needed, the control circuitry 220 accesses a listing,
ol operating parameters 226, which may correspond to one
or more characteristic threshold values 224. Based on the
relationship between the characteristics and the parameters,

10

15

20

25

30

35

40

45

50

55

60

65

14

the control circuitry 220 may employ the algorithms to
determine a type and/or amount of adjustment required by a
particular system.

If additional testing 1s needed, the control circuitry 220
can 1dentify a characteristic and/or area of the board for the
sensor 140 and/or testing device 202 to perform additional
testing. Accordingly, the mformation regarding any defect
can be compiled and compared to one or more stored quality
characteristic values, to generate a score, an alert, or imstruc-
tions for modification to the manufacturing system 100.

In an example, the control circuitry 220 determines a type
and severity of a defect in the board 125, and provides the
information to the manufacturing system 232. One or more
operating values 226 (e.g., a flow rate, a pressure, a tem-
perature, position of a deposited substance, position of the
stream, conveyor speed, etc.) of the manufacturing system
100 can then be adjusted to ensure the defect 1s corrected
through the manufacturing process.

Based on the collected measurements, any adjustment
required to an operating parameter value can be determined
empirically. In some examples, the control circuitry 220 1s
configured to interpolate a correction to an operating value.
The operating parameter value can then be adjusted to
correct the defect, as described herein. The control circuitry
220 may calculate, employ an algorithm, a model stored 1n
the memory device 222, or apply one or more machine-
learning techniques to determine a desired adjustment.

The algonthm(s) employed by the system 100 to deter-
mine defects and/or to control parameters are not limited to
a particular type and/or application, and may employ a
single algorithm or multiple algorithms, which may be
applied simultaneously, periodically, sequentially, and/or 1n
response to a particular trigger. For instance, if an absolute
value ol a measured characteristic i1s 1dentified as being
within a corresponding threshold limait, yet the rate of change
exceeds a corresponding threshold, the control circuitry 220
may continue to monitor the characteristic and/or apply
additional algorithmic processing to ensure an 1ssue does not
arise or 1s mitigated.

Example algorithms related to detecting single location
features of foam streams (e.g., number of foam streams,
three-dimensional location, edge locations, contact angle,
volume, center of mass based on volume, height, consis-
tency, temperature, etc.) and multi-location features of the
foam stream or wave measurements (e.g., rate ol volume
growth, rate of width growth, rate of height growth, rate of
contact angle change, rate of center of mass change, etc.)
may include, but are not limited to, one or more of a
principal component analysis, partial least squares, discrimi-
nant analysis, Canny edge detector, ridge detection, blob
detector (1.e. Laplacian of the Gaussian), and/or semi-em-
pirical models (e.g., involving chemical reaction Kinetics,
fluid mechanics, thermodynamics, mass transfer, and space
filling).

Example algorithms related to detecting processing issues
that impact foam integrity (e.g., presence of air bubbles,
presence of bad mixing, color of foam, blockages/clogging
of the applicator, buildup of foam within the field of view,
etc.), and detecting features mdependent of the foam that
impact foam board production (e.g., foreign object detec-
tion, location of facer/substrate such as alignment, conveyor
speed, breakage of the facer/substrate, etc.) may include, but
are not limited to, one or more of Bayes classifiers, support
vector machines, decision trees, boosting, neural networks,
radial basis function network, clustering, K-nearest neigh-
bors, deep learning, linear regression, multiple linear regres-
s10n, ensemble techniques, cost-sensitive learning, principal



US 11,543,810 B2

15

component analysis, You Only Look Once (YOLO),
Region-based convolution neural networks (R-CNN), and/
or Single Shot Detector (SSD).

Additionally or alternatively, the control circuitry 220
may receive mput from the user interface 214 configured for
inputting commands and/or customizing controls (e.g., via
graphical user mtertaces (GUI), touch screens, communica-
tion pathways, etc.).

FIG. 5 1s a flowchart representative of example machine
readable instructions 300 which may be executed by the
control circuitry 220 of FIGS. 2 and 4 to determine a
characteristic of a manufactured board (e.g., board 125) and
adjust an operating value, or provide information regarding
adjustment of a characteristic, of a manufacturing system
(e.g., manufacturing system 100), in accordance with the
examples provided 1in FIGS. 1 to 4.

At block 302, one or more characteristics corresponding
to distribution of one or more tluids (e.g., fluids or foam 106)
applied to a substrate (e.g., substrate 108) are measured by
a sensor (e.g., sensors 140). At block 304, data correspond-
ing to the one or more characteristics 1s recerved at a control
circuitry (e.g., control circuitry 220). At block 306, the one
or more measured characteristics 1s compared to one or more
threshold characteristics at the control circuitry.

Based on the comparison, the control circuitry determines
il a measured characteristic has exceeded a threshold char-
acteristic level. For example, at block 308, the control
circuitry may determine that the measured characteristic has
exceeded a first, low threshold characteristic level, and
determined that either no adjustment 1s needed or a first,
minor adjustment 1s needed. If the first threshold character-
1stic level has not been exceeded, the method returns to
block 302 and continues to measure the one or more
characteristics.

However, 1f the first threshold characteristic level has
been exceeded, the method continues to block 310, where
the control circuitry determines if the measured character-
1stic exceeds a second, greater threshold characteristic level.
For example, the first threshold may have a range of 5%
beyond a predetermined target value, and the second thresh-
old may have a range of 10% beyond the predetermined
target value.

If the measured characteristic has exceeded the first
threshold characteristic level but not exceeded the second,
greater threshold characteristic level, the method proceeds to
block 312, an adjustment command 1s triggered. For
example, an amount of a first adjustment of one or more
operating parameters can be generated by the control cir-
cuitry and provided to an operator (e.g., via a display or
other user intertace). In some examples, the control circuitry
can command a {irst adjustment of the one or more operating
parameters (e.g., a position or orientation of applicator 104),
such as to a robotic device, one or more actuators, and/or
other system components driving the manufacturing pro-
CEess.

If the measured characteristic has exceeded the second
threshold characteristic level (and the first threshold char-
acteristic level), the method proceeds to block 314, where
another adjustment command 1s triggered. For example, an
amount ol a second adjustment of one or more operating
parameters can be generated by the control circuitry and
provided to the operator. In some examples, the control
circuitry can command the second adjustment of the one or
more operating parameters (€.g., a position or orientation of
applicator 104).

The present methods and systems may be realized in
hardware, software, and/or a combination of hardware and
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soltware. Example implementations include an application
specific 1tegrated circuit and/or a programmable control
circuit.

The present technology 1s now described in such full,
clear and concise terms as to enable a person skilled 1n the
art to which 1t pertains, to practice the same. It 1s to be
understood that the foregoing describes preferred embodi-
ments ol the present technology and that modifications may
be made therein without departing from the spirit or scope
of the present technology as set forth 1n the appended claims.
Further, the examples are provided to not be exhaustive but
illustrative of several embodiments that fall within the scope
of the claims.

The mnvention claimed 1s:

1. A system for manufacturing a foam board comprising;:

an applicator to distribute one or more fluids onto a

substrate;

one or more sensors configured to scan a stream of the one

or more fluids on the substrate and to measure one or
more characteristics of the one or more fluids prior to
solidification of the one or more fluids; and

a controller configured to:

compare the one or more measured characteristics to
one or more threshold characteristics;

determine whether a characteristic of the one or more
measured characteristics falls outside a threshold of
the one or more threshold characteristics;

calculate an amount of adjustment of the characteristic
based on the one or more measured characteristics or
the threshold 1n response to a determination that the
characteristic falls outside the threshold; and

generate a command corresponding to the amount.

2. The system for manufacturing of claim 1, further
comprising one or more control mechanisms configured to
adjust one or more operating parameters ol the system,
wherein the one or more control mechanisms are configured
for manual adjustment by an operator.

3. The system for manufacturing of claim 2, wherein the
controller 1s further configured to generate an indicator
corresponding to the amount and to provide the indicator to
a user interface configured for presentation to the operator.

4. The system for manufacturing of claim 1, wherein the
controller 1s further configured to:

adjust an operating parameter of one or more operating

parameters by a first amount 1f the characteristic
exceeds a first threshold of the one or more threshold
characteristics; and

adjust the operating parameter by a second amount 11 the

characteristic exceeds a second threshold of the one or
more threshold characteristics.

5. The system for manufacturing of claim 4, wherein the
one or more operating parameters correspond to a first stage
ol a multi-stage manufacturing process and comprises one of
a tlow rate, a position or orientation of the applicator, a
pressure, a temperature, conveyance speed, a composition
formulation, or mass balance, and a position of a deposited
flud.

6. The system for manufacturing of claim 1, wherein the
one or more sensors are further configured to monitor an
area of the substrate downstream from a point at which the
one or more fluids contact the substrate.

7. The system for manufacturing of claim 1, further
comprising a conveyance system to advance the one or more
fluids and the substrate along a conveyor path, the one or
more sensors further configured to scan the one or more
fluids as the substrate progresses along the conveyor path.



US 11,543,810 B2

17

8. The system for manufacturing of claim 7, wherein the
one or more sensors are further configured to scan the one
or more fluids along an axis that 1s perpendicular to a
direction of the conveyor path.

9. The system for manufacturing of claim 1, further
comprising a conveyance system to advance the foam board
along a conveyor path 1n a later stage of the manufacturing
process, the one or more sensors further configured to scan
the foam board as 1t progresses along the conveyor path.

10. The system for manufacturing of claim 9, wherein the
one or more sensors are further configured to scan the foam
board along an axis that 1s perpendicular to a direction of the
conveyor path.

11. The system for manufacturing of claim 9, wherein the
one or more sensors are further configured to scan the foam
board along multiple axes.

12. The system for manufacturing of claim 1, wherein the
one or more sensors are secured to a moveable mount, the
mount configured to adjust an orientation or position of the
one or more sensors relative to the substrate.

13. The system for manufacturing of claim 1, wherein the
one or more sensors comprise one or more of a laser scanner,
an optical imaging system, a hyperspectral imaging system,
a near-infrared sensor, an infrared sensor, an ultrasound
sensor, or a heat sensor.

14. The system for manufacturing of claim 1, wherein the
one or more characteristics comprise one or more of a
number of fluid streams, a location of the fluid on the
substrate, a location of an edge of the fluid on the substrate,
an angle at which the fluid contacts the substrate, a volume
of the fluid on the substrate, a center of mass of the fluid on
the substrate, a height of the fluid on the substrate, consis-
tency of the fluid, temperature of the tluid.

15. The system for manufacturing of claim 1, wherein the
one or more characteristics comprise one or more of a rate
of volume growth, a rate of width growth, a rate of height
growth, a rate of change of the angle at which the fluid
contacts the substrate, a rate of change 1n the center of mass,
a rate ol temperature 1ncrease.

16. The system for manufacturing of claim 1, wherein the
one or more characteristics comprise one or more of a
presence of air bubbles 1n the foam, presence of incomplete
mixing, an anomalous color of the foam, inconsistent flow
from the applicator, or foam build up on the substrate or
applicator.

17. The system for manufacturing of claim 1, wherein the
one or more characteristics comprise one or more of a
foreign object, alignment or location of the substrate, speed
ol conveyance, or fissure or compression of the substrate.

18. The system for manufacturing of claim 1, wherein the
one or more fluids react to generate a polyurethane or
polyisocyanurate foam.

19. The system for manufacturing of claim 1, wherein the
controller 1s turther configured to apply a machine learning
algorithm to generate the one or more thresholds.

20. The system for manufacturing of claim 1, wherein the
controller 1s further configured to:

store the one or more measured characteristics to a

memory storage device;

calculate an average characteristic value based on the one

or more measured characteristics over a predetermined

amount of time; and
generate the one or more thresholds based on the average
characteristic value and one or more tolerance ranges.
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21. A system for manufacturing a foam board comprising:

an applicator to distribute one or more fluids onto a
substrate during a liqud chemical application stage of
a manufacturing process;

one or more sensors configured to scan a stream of the one
or more fluids on the substrate and to measure one or
more characteristics of the one or more fluids prior to
solidification of the one or more fllids; and
a controller configured to:
compare the one or more measured characteristics to
one or more threshold characteristics; and
adjust a position or orientation of the applicator in
response to a characteristic of the one or more
measured characteristics falling outside a threshold
of the one or more threshold characteristics.
22. The system for manufacturing of claim 21, wherein
the one or more sensors 1mclude a first sensor configured to
monitor the one or more fluids prior to solidification at an
area of the substrate downstream from a point at which the
one or more fluids contact the substrate.
23. The system for manufacturing of claim 22, wherein
the one or more sensors include a second sensor configured
to monitor a finmshed board 1n a later stage of the manufac-
turing process.
24. The system for manufacturing of claim 23, wherein
the second sensor comprises one or more of a flatness tester,
a hardness tester, a density tester, a laser scanner, an optical
imaging system, a hyperspectral imaging system, a near-
infrared sensor, an infrared sensor, an ultrasound sensor, or
a heat sensor.
25. A method of manufacturing a foam board comprising:
scanning, by a sensor, a stream ol one or more fluids on
a substrate;

measuring, by the sensor, one or more characteristics
corresponding to distribution of the one or more fluids
applied to the substrate, wherein the one or more
characteristics include a number of fluid streams, a
location of the fluid on the substrate, a location of an
edge of the fluid on the substrate, an angle at which the
fluid contacts the substrate, a volume of the fluid on the
substrate, a center of mass of the fluid on the substrate,
consistency of the fluid, rate of volume growth of the
fluad, a rate of width growth of the fluid, a rate of height
growth of the fluid, a rate of change of the angle at
which the fluid contacts the substrate, or a rate of
change 1n the center of mass of the one or more fluid
streams;

recerving, at a control circuitry, data corresponding to the

one or more characteristics:

comparing, at the control circuitry, the one or more

measured characteristics to one or more threshold char-
acteristics;

identifying, at the control circuitry, one or more operating,

parameters corresponding to the one or more measured
characteristics; and

adjusting one or more operating parameters 1n response to

a characteristic of the one or more measured charac-
teristics falling outside a threshold of the one or more
threshold characteristics.

26. The method of claim 235, further comprising;

adjusting an operating parameter of the one or more

operating parameters by a first amount 11 the charac-
teristic exceeds a first threshold of the one or more
threshold characteristics; and

adjusting the operating parameter by a second amount 11

the characteristic exceeds a second threshold of the one
or more threshold characteristics.
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27. The method of claim 25, wherein the adjusting com-
prises adjustment of a control mechanism by an operator.

28. The method of claim 25, wherein the adjusting com-
prises adjustment of a control mechanism by a robotic
device. 5
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